Objective: To examine the effect of regionalization of care on outcomes of neonates with congenital diaphragmatic hernia (CDH).
Introduction
Congenital diaphragmatic hernia (CDH) accounts for 8% of all major congenital anomalies and carries an incidence of 1 in 2000 to 4000 births. 1 Despite remarkable improvement in the survival rate of CDH patients over the past 20 years, 2,3 the mortality of this complex malformation remains high yet underestimated because of a 'hidden mortality' related with those infants who die before being operated.
Recognized factors contributing to the high mortality and morbidity of CDH patients include the severity of pulmonary hypoplasia, pulmonary artery hypertension and the presence of any associated fetal anomalies. 4, 5 The management strategies for CDH patients have changed dramatically over the years. Some centers reported better outcomes in association with the implementation of gentle ventilation, permissive hypercapnea and delaying surgical repair after achieving physiologic stability. [6] [7] [8] The effect of neonatal transport on outcomes of CDH infants has not been directly addressed, although multiple reports debated the difference in outcomes associated with transport, suggesting that in utero transport to tertiary care centers can be advantageous to both mothers and infants. 4 The thermal and hemodynamic instabilities that routinely occur during transport can be compromising to neonates; especially in the setting of CDH patients who have hypoplastic lungs and pulmonary hypertension. Therefore, in this cohort study, we aimed to compare surgical outcomes of CDH infants born and managed at the same tertiary care center to those born at a primary care hospital who were then transported for surgical management. We also tested the effect of timing of surgical repair on outcomes. We used a national in-patient sample database in this study.
Methods
The data used in this study were obtained from the de-identified national in-patient sample and the 'Kids' database for the years 1997 to 2004. Data were produced as part of the Healthcare Cost and Utilization Project Inpatient Discharge Data of the Agency for Healthcare Research and Quality. These data were all-payer database that contained information from millions of in-patient discharges from approximately 1000 hospitals across the United States. Hospitals were sampled to represent a 20% stratified sample of all community hospitals. Data represented about 37 states across the nation.
In this study we extracted data on gender, race, geographic region, coexisting diagnoses, use of extracorporeal membrane oxygenation (ECMO), complications and length of stay, age at transport, age at surgery, gestational age and birth weight.
Patient selection
Inclusion criteria for the analysis were: (1) infants diagnosed with CDH according to the International Classification of Disease-Ninth Revision, (2) age at admission of <8 days and (3) patients operated for CDH repair within the first 6 weeks of life and/or died before surgery. From the data, we excluded infants with brain anomalies, abdominal wall defects, multiple congenital anomalies and chromosomal disorders. Included infants were classified into two groups based on whether they did not undergo transport (group 1), or were transported from the birth hospital to the surgical facility (group 2). They were further stratified into three groups according to their age at operation (0 to 2 days, 3 to 7 and >7 days). In addition, transferred infants were counted only once at the recipient hospital but not at the referring hospital.
Data management and analysis Data were managed using SAS for Windows version 9 (SAS Institute, Cary, NC, USA), Comparisons between groups were performed for categorical variables using chi-square and for continuous variables using t-test. A logistic regression model was structured to calculate adjusted odds ratios (OR), controlling for confounders including gender, race, birth weight category, age at operation, spontaneous pneumothorax, persistent pulmonary hypertension of the newborn, sepsis, necrotizing enterocolitis (NEC) and birth asphyxia.
Results
A total of 4741 infants had been diagnosed with CDH. Only 3249 infants had records of CDH repair or mortality, whereas 1492 infants did not have surgery and were discharged home without a confirmation of the CDH diagnosis. Of the 3249 CDH infants, we excluded 988 because of: being transferred out from the hospital of birth (n ¼ 539) to avoid being counted twice, admission beyond first week of life (n ¼ 144), surgery beyond 6 weeks of life (n ¼ 70), brain anomalies (n ¼ 86), abdominal wall defects (n ¼ 51), multiple congenital anomalies (n ¼ 18) and chromosomal disorders (n ¼ 90). There were 121 infants without data on whether they were transported or not. Therefore, only the remaining 2140 were included in the analysis. The dominant race of the cases was Caucasian (42%) and the dominant gender was males (59%). There were 52% of inborn cases (group 1), and 48% were transported (group 2). The overall mortality was 33%. The characteristics of the two groups are included in Table 1 . When compared with inborn infants, the transported group encountered more cases of NEC (0.4 vs 1.3%, P ¼ 0.02) and more cases of persistent pulmonary hypertension of the newborn (8.9 vs 11.8%, P ¼ 0.03).
Only 1682 (79%) infants underwent surgical repair of which 85% survived. Compared with the transported group, inborn infants had lower mortality after surgery (12.8 vs 16.2%; adjusted OR 1.46; confidence interval 1.05 to 2.02, P ¼ 0.02), and less use of ECMO in operated infants (16.6 vs 23.3%; adjusted OR 1.46, confidence interval 1.1 to 1.9, P ¼ 0.007). The overall survival on ECMO was 40.3%. In those who underwent surgical repair, ECMO infants had a better survival rate in the inborn group when compared with the transported group (57.3 vs 46.5%, P ¼ 0.03; Table 2 ).
Mortality in relation to the age at the time of operation did not differ between the first two groups: 21.1% for the 0 to 2 days group; and 30% for the 3 to 7 days group (P ¼ 0.58). The third group that Morbidity and mortality in CDH infants H Aly et al was operated at >7 days encountered greater mortality (48.9%) when compared with the other two age groups (P<0.001) (Figure 1 ). In addition to the status of transport and day of operation, risks of mortality increased with African-American race, persistent pulmonary hypertension of the newborn, spontaneous pneumothorax, congenital heart diseases and NEC (Table 3) .
Discussion
This study showed an increased mortality and use of ECMO in CDH infants who used transport for their management. Despite being an important subject, the effect of transport on these patients has not been previously addressed. We were able to examine such an effect using a relatively large CDH database that uniformly represents different categories of hospitals in 37 states across the country. We noticed a significant increase in mortality after surgery in transported infants (16.2 vs 12.8, adjusted OR 1.45). Such increase in mortality was noted after controlling for possible confounders that could have affected outcomes, including birth weight category, gender, race, asphyxia, respiratory distress syndrome, persistent pulmonary hypertension, sepsis, congenital heart diseases, spontaneous pneumothorax and postnatal age of surgery. Our data clearly showed a remarkable increase in the use of ECMO in patients who were transported for further care when compared with those who were born and managed at the same tertiary care center. CDH infants who have a better chance of survival are transferred to other institutions whereas non-viable ones remain at the birth facility. Considering that, it is ironic to observe that the use of ECMO was increased in transported infants. The rationale could be related to the increased risk for associated complications that arose in the group being transported; these include NEC and pulmonary hypertension (Table 1) . In this study, 51% of infants who had surgical repair and used ECMO survived. This study provides figures that might be beneficial to physicians and surgeons when discussing with families the possibilities and outcomes in CDH infants who used ECMO. Previous studies showed better figures for survival in ECMO-supported CDH infants. 9, 10 However, our study represents the national figure. Infants who used ECMO have greater use of diaphragmatic and abdominal patches during surgical repair, and also frequently undergo other procedures such as fundoplications and gastrostomy tubes. 11 Neurological outcomes of CDH infants who were managed with ECMO differed among studies. 12 Hearing deficits were increased in CDH infants supported with ECMO. 13 In our study, it is important to note that transported infants not only had more utilization of ECMO (P<0.0001), but also had higher mortality rates among those who used ECMO (P ¼ 0.03) (Tables 1 and 2 ). Abbreviations: BW, birth weight; CDH, congenital diaphragmatic hernia; CHD, congenital heart disease; CI, confidence interval; NEC, necrotizing enterocolitis; OR, odds ratio; PPHN, persistent pulmonary hypertension of the newborn. z *Risks for mortality and use of ECMO are increased when CDH repair was delayed by >7 days (P<0.001). Postnatal day of surgery was documented in only 1321 infants (1682 infants underwent surgical repair).
In the past 20 years, despite regionalization of health care throughout the country, high-risk newborns are increasingly delivered in community hospitals that offer midlevel care.
14 Paneth et al. 15 compared early (0 to 4 h) and late (4 to 28 days) neonatal deaths among three different levels of care. Early neonatal death significantly increased in level 1 hospitals, implying that deaths in the first hours of life more closely reflect skills in intrapartum management and neonatal resuscitation. Therefore, even the most immediate transfers are too late and unlikely to have much effect on survival. In our study, transported infants used more ECMO. This can be explained by the inevitable stress that associates with transport, especially in the CDH population who are easily prone to develop pulmonary hypertension. Our data showed a significantly increased incidence of persistent pulmonary hypertension of the newborn in transported infants. In addition, it is likely that transported infants are exposed to periods of hypoxia and/or hemodynamic instability that occur during transport. These periods of hemodynamic instability can explain the increased incidence of NEC among transported infants. Resuscitation technique in the first hours of life is a crucial factor that determines neonatal outcomes. When resuscitation in the immediate postnatal period occurs at a primary care facility that is inexperienced with critical cases such as CDH, outcomes could change. Furthermore, en route during transport, infants are frequently exposed to manual positive pressure ventilation, often with high distending pressure, that can precipitate lung damage and respiratory failure. This may explain the increased incidence of spontaneous pneumothorax.
Management of CDH has changed in which emergent surgical correction is no longer necessary and waiting for the infant to achieve a physiologic respiratory stability is recommended. 8, 16 Our data show no statistical difference in mortality, when comparing a group of babies operated before 3 days of life or between the ages of 3 to 7 days of life. However, when babies were operated on after 7 days of life, their mortality and use of ECMO increased significantly. It is possible that infants who stabilized after 7 days had a more significant form of the disease before surgery and consequently encountered death. Hence, this study was not structured to show that delayed surgery was an independent risk factor for mortality. However, it is important to note that all previous reports on improved outcomes with delayed surgery were retrospective in nature that used historical controls. Of course, care of CDH needs more individualized decisions, in which timing of surgery will depend on the degree of pulmonary hypoplasia, the severity of pulmonary hypertension and the overall general condition of the infant. Meanwhile, it is not clear whether the timing of surgery itself matter or whether the condition of the infant at the time of surgery is more important. Once the infant is stabilized, there is no clear benefit in waiting for an additional time period before surgical repair. This study prompts the need for a prospective study on the relationship between postnatal age and clinical conditions of infants at the time of surgery and their clinical outcomes.
Similar to any multicenter registry, the network data presented in this study have limitations. 'Hidden mortality' has been a problem to account for in different outcome studies for CDH population. Our study showed the effect of this hidden mortality, in which 21% of the population died before undergoing surgical repair. It is to be noted that the number of deaths in the transport group did not reflect the fetal deaths, stillbirths, infants who did not survive resuscitation or the ones who received comfort care.
